Background: The oncoprotein-18/stathmin 1 (STMN1), involved in cell progression and migration, is associated with clinical outcome in breast cancer. Here we aim to investigate its clinical significance in urinary bladder cancer and its possibilities as a therapeutic target.
Urinary bladder cancer is the fifth most common cancer type in Europe with 116 000 new cases and 37 000 deaths annually (Boyle and Ferlay, 2005) . To improve the management of patients and to decrease the mortality rate, identification of prognostic, predictive markers and therapeutic targets is of great importance. A major effort, in the bladder cancer field, has been performed to find gene signatures correlating to, for example, progression, carcinoma in situ and metastatic potential (Mitra et al, 2009 ). However, the results still need to be validated in larger tumour materials to reach the clinic. In addition, to individualise patient management, several therapeutic options must be available, requiring novel therapeutic targets expressed in advanced dedifferentiated and metastatic bladder cancer, causing bladder cancer death.
The microtubule-destabilising protein, stathmin 1/oncoprotein-18 (STMN1), has an important role during mitosis, influencing cell cycle progression (Rana et al, 2008; Belletti and Baldassarre, 2011) . In addition, STMN1 is involved in tumour metastasis, cell invasion and migration (Baldassarre et al, 2005; Hsieh et al, 2010; Jeon et al, 2010; Zheng et al, 2010; Lei et al, 2011; Tan et al, 2012; Byrne et al, 2013; Chen et al, 2013) and is a considered therapeutic cancer target (Belletti and Baldassarre, 2011) . Mutated p53 and levels of STMN1 are closely related in cancer and thereby STMN1 is suggested as a p53-target gene (Yuan et al, 2006; Singer et al, 2007; Oren and Rotter, 2010) . Interestingly, in ovarian cancer it has been demonstrated that STMN1, itself, affects the stability and transcriptional activity of mutated p53 (Sonego et al, 2013) . STMN1 is also suggested as a prognostic marker in many different cancer forms, for example, brain, breast, colorectal, endometrial, nasopharyngeal and liver cancer (Yuan et al, 2006; Ngo et al, 2007; Saal et al, 2007; Golouh et al, 2008; Zheng et al, 2010; Tan et al, 2012; Hsu et al, 2013; Wik et al, 2013) . Although high levels of STMN1 are associated with taxol resistance in several cancer types (Iancu et al, 2000; Mistry and Atweh, 2006; Alli et al, 2007; Singer et al, 2007; Rana et al, 2008; Han et al, 2013; Miceli et al, 2013) , in ovarian clear cell adenocarcinoma and in bladder cancer other microtubule-related proteins, and not STMN1, are demonstrated to be the main predictors of taxol response (Aoki et al, 2009; Wosnitzer et al, 2011) . As described above, STMN1 is studied in various numbers of cancers but is not as well characterised in bladder cancer. To our knowledge, the urinary bladder cancer cohorts previously studied, including the above mentioned study (Wosnitzer et al, 2011) , have consisted of non-muscle invasive tumours (Dubosq et al, 2011) or basal and luminal subtypes of muscle-invasive bladder cancer (Choi et al, 2014) . In the latter study, the basal phenotype, enriched with the rare squamous differentiation, had a poorer prognosis and higher STMN1 gene expression among many other p53-related genes.
Thereby, in this study the objectives were to examine the prognostic relevance of the STMN1 protein in both non-muscleand muscle-invasive diseases, of the common histology-type transitional cell carcinoma, as well as to determine its possible role as a therapeutic target in advanced metastatic bladder cancer.
MATERIALS AND METHODS
Patient material and follow-up. Informed consent was obtained from the patients included in the cohorts described below.
Cohort I. The Uppsala University Hospital patients included in cohort I were diagnosed with bladder cancer between 1984 and 2005. Use of these patient samples for protein profiling was approved by the regional ethical review board of Uppsala (reference number 2005:339). The tumour material compromises a wide-range tissue microarray (TMA) of prospectively collected primary tumours (n ¼ 115 Ta, n ¼ 115 T1 and n ¼ 112 T2-T4). Clinicohistopathological data are presented in Supplementary  Table 1 .
At follow-up of the prospective material, the non-muscleinvasive patients were categorised as having none, few or frequent recurrences. The group 'few recurrences' was defined as less than three recurrent tumours within 18 months, whereas the group 'frequent recurrences' was defined as three or more recurrences within the same time period. Progression was defined as shift of the tumour into a higher stage. Months to progression within 5 years were on average 23.3 months (s.d., 14.4 range 2.0-55.0 months). Follow-up times for non-recurrent and non-progressing cases were X4 and X5 years, respectively. In addition to progression-free survival (PFS), the follow-up also included overall survival (OS) and disease-specific survival (DSS). The end points of OS, PFS and DSS were calculated from the date of surgery to the date of event or last follow-up. Cohort I has been published previously (Fristrup et al, 2012; Lindén et al, 2013; Boman et al, 2013a, b) .
Validation cohort II. Patients in cohort II were 239 Swedish T1-T4 patients included in two randomised controlled trials (Sherif et al, 2004) . Clinical and histopathological data of the cohort are presented in Supplementary Table 2. Primary end points were OS, DSS and cisplatin response. OS and DSS were calculated from the date of study inclusion to event or last follow-up date. Cisplatinresponse was defined as downstaging to no or non-invasive tumour in the cystectomy specimen. Ethical permit to use these samples for protein expression evaluation was obtained from regional ethical review board of Uppsala (reference number 2008:136).
Cohort III. Cohort III represents a retrospective primary tumour/ matched metastases whole-section material from 90 patients treated at Uppsala University Hospital between 1976 and 2003. The 90 patients were divided into two main groups: seventy primary tumours having one corresponding metastasis and 20 primary tumours matched with multiple metastases (two or three metastases). Ten of the 46 regional lymph glands were sentinel nodes from eight patients (two patients with two sentinel lymph glands each). Primary tumour tissues from 24 of the 90 patients are present in cohort I and use of this material has the same ethical review board number as for cohort I (see above). Histopathological and clinical data are presented in Supplementary Table 3 . This cohort has been studied previously (Gardmark et al, 2005) .
Normal tissue. In addition, normal/non-malignant urothelium tissue specimens from sixth bladder cancer patients and one patient with benign bladder condition were also analysed for STMN1 protein expression.
Tissue microarray construction. As previously described (Boman et al, 2013b) , the tissue from the cohorts (described above) were retrospectively collected for the production of the TMA (cohorts I and II). Representative tissue areas were identified by pathologist, classifying the tumours according to the WHO grading system of 2004 (Sauter et al, 2004) . In addition, the TMA was constructed using an automated instrument, ATA-27 (Beecher Instruments, Sun Prairie, WI, USA). All tissue samples were represented in duplicate tissue cores (1 mm).
Immunohistochemistry. Automated immunohistochemistry (IHC) was performed as published (Segersten et al, 2009 ) using an Autostainer 480 instrument (Lab Vision, Fremont, CA, USA). Briefly, the tissue slides were incubated for 30 min with the primary mouse monoclonal STMN1 antibody (sc-48362, Santa Cruz Biotechnology, Santa Cruz, CA, USA) diluted 1/250 before using a dextran polymer visualisation system (UltraVision LP HRP polymer, Lab Vision) for detection of the protein expression. Negative controls were produced by using PBS instead of primary antibody.
Evaluating the STMN1 expression, a previously published scoring system of IHC was used (Segersten et al, 2009) . Intensity was scored as weak (score 1), medium (score 2) or high (score 3). The extent of staining was scored as the number of cells stained: o25 % (score 1), 25-75% (score 2), 475% (score 3). The final score was calculated as the product of the intensity and extentscores. Score category 0: negative (score 0); score category 1: weak expression (score 1-3); score category 2: moderate/strong expression (score 4-9).
Moreover, IHC analyses of the p53-and Ki67-protein levels were performed according to the protocol described above, with the primary mouse monoclonal p53-DO7 (DAKO, Glostrup, Denmark) and Ki67-MIB1 (Dako) diluted 1/500 and 1/600, respectively. Scoring and cutoff value of 420% cells stained as positive, for both p53 and Ki67, were according to previous publications (Saint et al, 2004; Margulis et al, 2006) .
The scoring was performed, for each protein, by two independent observers. Cell culture and transfection. A human muscle-invasive urinary bladder cell line, T24, obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA) was cultured in RPMI-1640 (Life Technologies, Carlsbad, CA, USA) with 5% FBS (Life Technologies) and 1% penicillin/streptomycin (Life Technologies). The cells were transfected in six-well plates with a 5 0 siRNA (AM16708, Life Technologies) and a 3 0 siRNA, (s8093, Life Technologies), directed against the STMN1 mRNA using Lipofectamine (Life Technologies) as a transfecting agent according to the manufacturer's protocol. Two controls were used, one with only the transfection agent lipofectamine and one adding scrambled siRNA (4390843, Life Technologies) without a specific mRNA target. The 3 0 siRNA was used in the following proliferation assay.
Proliferation assay. Transfected T24 cells (as described above) were seeded in 96-well plates and incubated for 24 h allowing the cells to attach and grow. MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) assay from Promega (Fitchburg, WI, USA) was used to measure cell viability after 24, 32, 48, 56, 84, 104 and 128 h of seeding.
Invasion assay. The effect of STMN1 on the invasive ability of T24 cells was evaluated using a 96-well extracellular matrix (ECM) chamber assay (Cellbiolabs Inc, San Diego, CA, USA). Briefly, the lower chambers were filled with RPMI-1640-medium (Life Technologies), using 10% FBS as an attractant component. T24 cells transfected with STMN1 3 0 siRNA and scrambled siRNA as described above were seeded in the upper chambers in serum-free medium. After incubation for 20 h at 37 1C, the cells migrating through the ECM membrane were lysed and quantified using CyQuant GR Dye (Cellbiolabs Inc). The fluorescence was read at 480 nm/520 nm.
Western blot. The Western blot analysis was performed according to previously published protocol (Lindén et al, 2012) with the differences that the total cell protein lysates were of T24 cell line origin and the following antibodies were used: (i) primary antibodies; the monoclonal mouse anti-STMN1 antibody (sc-48362, Santa Cruz Biotechnology) used for IHC (see above) and the polyclonal rabbit anti-b-actin antibody (RB-9421, Waltham, MA, USA), (ii) secondary antibodies; sheep anti-mouse (NA931V, GE Healthcare, Little Chalfont, UK) for STMN1 and goat anti-rabbit (sc-2004, Santa Cruz Biotechnology) for b-actin.
Statistical analysis. Statistical analyses were performed using the SPSS 20.0 (IBM SPSS Statistics, Armonk, NY, USA) software. Correlation analyses of protein expression with the clinical variables age, gender, stage, grade and recurrence were assessed using the Spearman's or the Pearson's w 2 (two-sided tests) when appropriate. For recurrence, the statistical analyses were performed in three groups (none, few or frequent recurrences) and in two groups (recurrence: yes or no). Survival analyses for OS, DSS and PFS were performed using log-rank test and survival curves were estimated by the Kaplan-Meier method. Univariate and multivariate Cox's proportional hazards regression analyses were performed, adjusting for age, gender, T-stage and grade. In the statistical analysis, comparisons between following score categories were performed: (0 vs 1 vs 2), (0 vs 1, 2) or (0, 1 vs 2). A P-valueo0.05 was considered significant.
The in vitro experiments were evaluated using Student's t-test (two-sided) and the analyses are based on at least three independent experiments. For cell proliferation and invasion assays, number of replicas in each experiment were six at least 20 wells, for treated and untreated cells, to determine significant difference (P-valueo0.05).
RESULTS
A clear, distinct cytoplasmic STMN1 staining was observed in the urinary bladder cancer tissue, both non-muscle-and muscleinvasive tumours, as well as in bladder cancer metastases (Figure 1 ). The majority (five out of seven) of the investigated non-malignant bladder tissue specimens were STMN1-negative ( Figure 1A ) and the rest (two out of seven) were classified as having category 1 intensity. The pattern of the IHC stainings was in concordance with a previous bladder cancer publication of STMN1 stainings (Wosnitzer et al, 2011) or (0, 1 vs 2), and basic and survival variables, following results were significant.
Statistical calculations of the cytoplasmic STMN1 expression, in the 342 TMA tumours, revealed that STMN1 strong staining (tumours belonging to score category 2) significantly correlated to higher stage (Po0.01), high grade (Po0.001) and shorter OS and DSS (Figure 2 ). Adjusting for stage, age and gender using multivariate Cox's proportional hazards regression analyses resulted in following hazard ratios (HRs), confidence interval (CI) and P-values: in T1-4 patients: DSS (0, 1 vs 2: HR ¼ 1.83, 95% CI 1.09-3.08; P ¼ 0.02); in subgroup T2-T4 patients: OS (0 vs 2: HR ¼ 1.77, 95% CI 1.02-3.07; P ¼ 0.04) and DSS (0, 1 vs 2: HR ¼ 2.04, 95% CI 1.13-3.68; P ¼ 0.02). In addition, in muscleinvasive bladder cancer, log-rank analysis of DSS (STMN1 score: 0 vs 2) demonstrated to be of borderline significant (P ¼ 0.053, data not shown). However, when correcting for stage, age and gender there was significantly shorter DSS for patients with tumours staining strongly for STMN1 (HR ¼ 2.1, 95% CI 1.04-4.25; P ¼ 0.04) compared with those with negative tumours. There was no correlation between STMN1 expression and age, gender, recurrence or PFS.
Validation cohort II. In cohort II, we were able to validate that high tumour expression of STMN1 is correlated to higher risk of death in cancer within 2 years in T2-T4 patients ( Figure 2D , Table 1 ). We were not able to validate in cohort II that shorter 5-year OS was associated to overexpression of STMN1, as seen in cohort I (Figure 2A ). STMN1 expression was not related to age, gender, stage (T1-2 vs T3-4) or cisplatin response. As cohort II only consists of three T1 tumours and the rest T2-T4 tumours (Supplementary Table 2 ), we could not perform survival analysis on T1-T4 group or Spearman's or the Pearson's w 2 analysis on all tumour stages, grade, recurrence or PFS.
STMN1 expression in primary tumours and matched metastases.
Representative images of the immunoreactivities of metastatic tissues are supplied in Figure 1E and F and the STMN1 expression in the patient material containing primary tumour and metastases is presented in Supplementary Table 3. In the total tumour material, 83% (75 out of 90) of the primary tumours and 79% (92 out of 116) of the metastases were STMN1-positive (score category 1 or 2). The expression of STMN1 in matched metastases was stronger in 19% (17 out of 90), weaker in 27% (24 out of 90), the same in 44% (40 out of 90) or heterogenous expression among several metastases/patient in 10% (9 out of 90), compared with primary tumour. In addition, for 70% (63 out of 90) of the patients, STMN1 was expressed both in primary and matched metastases. 
Stathmin-1 as bladder cancer marker and target
In the subgroup with only one matched metastasis (70 patients), 81% (n ¼ 57) of the primary tumours and 74% (n ¼ 52) of the metastases stained positive for STMN1 ( Figure 3A) . For the majority of the patients 69% (n ¼ 48), both primary tumour and matched metastasis expressed STMN1 (score category 1 or 2). The highest score category 2 was observed for 40% (n ¼ 28) of the primary tumours and 39% (n ¼ 27) of the metastases ( Figure 3A ). In addition, 50% (n ¼ 35) of the metastases were in the same score category as its primary tumour ( Figure 3C ). Interestingly, 20% (n ¼ 14) of the metastases showed a higher expression than matched primary tumours ( Figure 3C) . Notably, 4 of these 14 patients had an entirely negative primary tumour.
In the subgroup of patients with multiple metastases, 95% (19 out of 20) presented at least one metastasis positive for STMN1 ( Figure 3B ). Subgrouping further, we observed that 35% (n ¼ 7) of the patients had all their metastases in the higher score category 2 ( Figure 3B ) and for three patients all metastases had a higher STMN1 score than corresponding primary tumours ( Figure 3C ). For the primary tumours, only two were negative and 85% (n ¼ 17) of the patients had a positive primary tumour in combination with at least one positive metastasis. For 75% (n ¼ 15) of the patients all tumours, both primary tumour and all matched metastases, were positive, belonging to either score category 1 or 2.
In the primary matched metastasis material (90 patients), there were 10 sentinel lymph nodes of 46 regional lymph gland metastases. For all eight patients with sentinel nodes, both primary and matched sentinel nodes were STMN1-positive (score category 1 or 2). Six of the ten sentinel lymph glands had an overexpression of STMN1 (score category 2).
Correlation of STMN1 to p53 and Ki67 protein expression. The protein expression of p53 and the proliferation marker Ki67 were evaluated in bladder cancer tissue represented by cohort I. High STMN1 expression correlated to increased protein expression of p53 (Po0.001) high protein levels of Ki67 (Po0.001).
siRNA knockdown of STMN1 expression. The effort to knockdown the expression of STMN1 in the T24 cell line resulted in a partial knockdown with the 5 0 siRNA and a complete knockdown with the 3 0 siRNA, as can be seen in Figure 4 . When inspecting the cell cultures with microscopy, before lysing, there was no morphological difference between treated cells and controls.
Cell proliferation in T24 cells. To evaluate the role of STMN1 in bladder cancer cell proliferation, we performed MTS assays of T24 cells incubated with the STMN1 3 0 siRNA, which had best effect to decrease STMN1 protein levels in the cells. We observed that the STMN1 3 0 siRNA significantly reduced the cell proliferation at 48 (P ¼ 0.0065), 56 (P ¼ 0.0005), 84 (P ¼ 0.0037), 104 (P ¼ 0.0001) and 128 h (P ¼ 0.0011) after seeding the siRNA-treated cells ( Figure 5 ).
Invasion assay. To determine the role of STMN1 in bladder cancer cell migration, STMN1 3 0 siRNA-transfected T24 cells were analysed in an ECM chamber assay. The STMN1 3
0 siRNA-treated cells demonstrated a significantly reduced invasion rate (Po0.0001) compared with control cells (Figure 6 ).
DISCUSSION
The prognostic value of STMN1 at the protein level has not been fully evaluated in all variants of bladder cancer. The first published study indicating that STMN1 could be of prognostic importance in bladder cancer is the sudy by Saal et al (2007) , where STMN1 is proposed, in breast cancer, to be an IHC marker for a phosphatase and tensin homologue/phosphatidylinositol 3-kinase (PTEN/PI3K) pathway activation. In that study, including 80 bladder cancer cases (all stages represented), this PTEN/PI3K-gene signature was correlated to poorer prognosis. Our results, at the STMN1 protein level, demonstrating that high STMN1 levels are associated with shorter OS and DSS, in a way, validate the results in the study by Saal et al. Regarding recurrence, Dubosq et al (2011) report that STMN1 is part of a three-gene signature predicting early tumour recurrence. We did not observe any correlation between STMN1 protein expression and tumour recurrence. However, in our cohort we have no data on time to recurrence, which may explain why we cannot validate these results. Regarding prognostic markers, in non-muscle-invasive tumours, markers for recurrence and progression are needed, whereas in muscle-invasive cancer factors identifying risk of metastases and death are in focus. Unfortunately, STMN1 had no correlation to recurrence or progression in non-muscle-invasive patients, even if STMN1 is related to cell invasion, as we demonstrated in the in vitro experiments. Maybe, the invasive ability of the tumour, related to STMN1, is associated to more advanced muscle-invasive tumours, as the T24 cells corresponds to. In muscle-invasive patients, even though we could validate the association between STMN1 and DSS in an independent cohort, the statistical analysis showed that STMN1 is not a strong prognostic factor.
Predictive markers and novel therapeutic targets are of interest in both non-muscle-and muscle-invasive bladder cancer. Concerning therapy prediction, not only taxane but also cisplatinresponse has been suggested to correlate to levels of STMN1 (Singer et al, 2007; Belletti and Baldassarre, 2011) . However, we could not validate the association between low STMN1 levels and increased cisplatin sensitivity in muscle-invasive bladder cancer, which is in concordance with the results in a lung cancer study .
For a protein to function as a therapeutic target, it has to be expressed in the disease and hopefully in advanced, including metastatic cancer, and this is not often examined before performing functional cell or animal studies. We are fortunate to have access to a unique metastatic bladder cancer cohort, including both the primary tumours and matching metastases and thereby making it possible to determine the expression levels of a therapeutic target protein in relevant tissue. Several observations encourage functional studies of STMN1 as a drug target in bladder cancer cell models; (i) low expression, or even absence, of STMN1 protein in the normal bladder, (ii) high STMN1 expression correlated to higher tumour stage and grade and (iii) expression of STMN1 in the majority (92 out of 116) of investigated metastases. We observed a significant reduction in tumour cell proliferation and cell invasiveness, in vitro, when decreasing the STMN1 protein levels by using siRNA-targeting STMN1. This is in agreement with other in vitro and in vivo studies, where inhibition of STMN1 reduced tumour growth and cell invasion (Baldassarre et al, 2005; Hsieh et al, 2010; Jeon et al, 2010; Zheng et al, 2010; Lei et al, 2011; Phadke et al, 2011; Tan et al, 2012; Byrne et al, 2013; Chen et al, 2013) . Our results indicate that STMN1 is of importance for tumour cell proliferation and migration also in bladder cancer. Combining these cell model results with knowledge, that STMN1 is expressed in primary tumours prone to metastasise and also in bladder cancer metastases, strongly suggests that STMN1 is a relevant treatment target in advanced muscle-invasive bladder cancer. In non-muscle-invasive cancer, STMN1 also might function as a therapeutic target, even though in these tumours STMN1 is expressed to a lesser extent and not correlated to progression as mentioned above.
As previously published in hepatocellular cancer (Singer et al, 2007) , we also found in bladder cancer a correlation between protein levels of STMN1 and p53 respectively Ki67. We are well aware of the fact that the increase in p53 protein in cancer does not totally correspond to all variants of mutated p53 (Knowles, 2006; Oren and Rotter, 2010) . However, it is an indication that there is a relationship between STMN1 and p53 in bladder cancer, as has been reported in other cancers (Yuan et al, 2006; Singer et al, 2007; Oren and Rotter, 2010; Sonego et al, 2013) . The significant correlation in bladder cancer tissue between high levels of the proliferation marker Ki67 and increased STMN1-protein expression are in concordance with our in vitro results, where STMN1 is demonstrated to be involved in cell proliferation.
In conclusion, we have been able to show that STMN1 is an important protein for bladder cancer tumour biology and it might be useful for prognostication. However, STMN1 has stronger potential as a therapeutic target. Many novel biomarkers are needed to improve the management and treatment of bladder cancer patients and STMN1 is most likely one of them.
